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| FOREWORD

This report was prepared by the Polymer Branch of the Nonmetallic Materials Division.
The work was initiated under Project No. 7342, ‘‘Fundamental Research on Macromolecu-
lar Materials and Lubrication Phenomena,’’ Task No. 734203, ‘‘Fundamental Principles
Determining the Behavior of Macromolecules.’’ It was administered under the direction

of the AF Materials Laboratory, Research and Technology Division, Lt. Martin M. Tessler,
project engineer.

This report covers work accomplished January 1963 to December 1963.
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ABSTRACT

- The random thermal degradation of four- and six-membered ring ladder polymers
were investigated and results compared to a single chain polymer undergoing degradation
under the identical conditions. The change in molecular weight versus time was plotted
and significant differences were found in the shapes of the curves.

Similar studies were conducted with imperfect ladder polymers which had single bonds
along the backbone of the polymer.

This technical documentary report has been reviewed and is approved.
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WILLIAM E. GIBBS

Chief, Polymer Branch
Nonmetallic Materials Division
AF Materials Laboratory
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. INTRODUCTION

Interest in the development of thermally stable materials has produced much research
into new and novel types of polymers. One area of investigation is the preparation of a
ladder or double-strand polymer. The first successful synthesis of a ladder polymer was
reported by Brown and co-workers (Reference 1). They prepared the double-chain
polyphenylsilesquioxane in which the polymer backbone is completely inorganic. Attempts
to synthesize a ladder polymer with an organic backbone from vinyl isocyanate (Refer-
ence 2) poly-3,4-isoprene (Reférence 3) and conjugated dienes (Reference 4) have recently
been reported. These polymers have segments of fused rings, but they are not completely
fused into the desired ladder structure. '

This report compares the thermal stability of a ladder polymer undergoing random
degradation with that of a single chain polymer. A digital computer is used to set up a
statistical (Monte Carlo) (Reference 5) model of the degrading system. The following
assumptions are made in defining the degrading system:

1. The polymer sample is initially homogeneous; that is, only chains of one length are
present.

2. All bonds in the polymer chain are of ‘equal strength and equal accessibility, re-
gardless of their positions in the molecule and the length of the chain.

3. The rate of breaking of bonds is proportional to the number of bonds present in the
degrading system.

4. The system is closed; that is, no fragments can leave the system.

The ratio of the number average molecular weight (at time kt) to the initial number
average molecular weight is obtained directly from the computer, where k is the pro-
portionality constant between the rate of breakmg bonds and the number of bonds present
in the system at time t.

MODEL LADDER STRUCTURES

Two types of ladder polymers were studied. Type I is a fused four-membered ring
and Type 1l is a fused six-membered ring. All the conclusions reached for a four-
membered ring are equally applicable to an eight-membered ring.

TYPE I TYPE IT

Manuscript released by the author April 1964 for publication as an RTD Technical
Documentary Report.
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Initially, a simplified scheme of degradation was considered. In this simple case, a
broken bond can break a molecule only if the bond opposite it is broken, The fact that
a broken crosslink will increase the probability of a molecule breaking is ignored. This
type of degradation is shown in Figure 1. The complex case of degradation is shown in
Figure 2 where breaks in the crosslinks will result in increased molecule breaks. This
is a much more realistic picture of random degradation than the simple case.
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Figure 1. Different Ways a Malecule‘ Can Break - Simple Case ’
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Figure 2. Different Ways a Molecule Can Break - Complex Case

MONTE CARLO MODEL

To construct a Monte Carlo model for the degradation reaction, a portion of the com-
puter storage is set aside to represent the polymer molecules. Each storage location
represents one bond. If a bond is broken, the number one is stored in its location and if
it is not broken, a zero is stored there. Initially, all the storage locations are set to zero.
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O-l, where BO is the

total number of bonds initially present in the system. Each number then represents a
particular bond in a particular molecule and the number of molecules and the number of
bonds per molecule can be varied at will with the limiting factor being the size of the
computer storage. In the present study, a system of 100 molecules with 199 bonds per
molecule for ladder polymer Type I and 100 molecules with 196 bonds per molecule for
ladder polymer Type Il were chosen. Simultaneously, a single chain polymer with the
same number of bonds per molecule was degraded in the computer for comparison
purposes.

A random number is generated which has the liniits of O and B

“When a random number is generated, the bond which it represents is checked to see
if it is broken or not. If it is already broken, a duplicate is recorded and a new random
number generated. If it is not broken, the bond is set equal to one and the opposite bond
checked. If the opposite bond is broken, a broken molecule is recorded and a new random
number is then generated. If the opposite bond is not broken, no further work is done in
the simple case and a new random number is generated. In the complex case, the com-
puter checks all the crosslinks to the left and right until it either comes to an unbroken
crosslink or the last crosslink at the end of the molecule. If the last crosslink is broken,
a broken molecule is recorded and a new random number generated. If the computer finds
an unbroken crosslink, it then scans all of the side chain bonds on both sides of the ladder
polymer from the broken bond produced by the random number generation to the last side
chain bond before the unbroken crosslink. If any of the side chain bonds are broken, a
broken molecule is recorded and a new random number is then generated. If none of the
side chain bonds are broken, a new random number is generated. The computer keeps
track at all times of the number of duplicates recorded. The number of bonds which are
broken is equal to the number of random numbers generated minus the number of
duplicates. '

The number of molecules present in the system (at time kt) is equal to the number of
molecules initially present plus the number of broken molecules since each broken
molecule produces one more fragment. The time factor (kt) is equal to In (BO/B) where

BO is the number of bonds present initially and B is the number of bonds present at time

kt. The ratio of the number average molecular weight at time kt, to the initial number
average molecular weight is equal to 100/(100 + number broken molecules). All of these
quantities are readily calculated during the course of the degradation and the computer
prints out the desired data at any convenient interval of kt.

The subprogram by which the computer generates a random number makes use of an
equation in which multiplication and division are used, the output being the remainder
after division. Several different sets of random numbers were used to check the accuracy
of the method. The random number generator appears to be very accurate and reliable,

RESULTS FOR PERFECT LADDER POLYMERS

The curve for the ratio of the number average molecular weight at time kt to the initial
number average molecular weight versus kt is shown for ladder polymer Type I in
Figure 3 and for ladder polymer Type Il in Figure 4. Both the simple case and the com-
plex case are shown as well as the analogous single chain polymer. The proportionality
constant k is not known and it probably will have different values for different polymers.

3
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This will shift the curves, but the significant fact is the shapes of the curves. The single
chain polymer shows a very sharp drop in molecular weight as soon as degradation begins.
The ladder polymer has an induction period where the molecular weight hardly changes
and then it drops much more slowly than the corresponding single chain polymer. As
degradation proceeds, both curves merge together. These results indicate that the ladder
polymers should have increased thermal stability over single chain polymers, but the
extent of this stability can only be determined by studying the chemistry of these compounds.

IMPERFECT LADDER POLYMERS

Ladder polymers are of interest because of their potential stability at high temperatures.
The double-chain polyphenylsilsesquioxane, synthesized by Brown and co-workers
(Reference 1) has an inorganic ladder structure and the silicon-oxygen bonds rearrange
at elevated temperatures. The reported attempts to synthesize ladder polymers with an
organic ladder structure (References 2, 3 and 4) have all used the same general approach.
A polymer is first prepared which has pendant nonconjugated 1,6 unsaturation along the
chain of the molecule. Overberger and co-workers (Reference 2) polymerized vinyl
isocyanate through the vinyl group or the isocyanate group to get the starting polymer.
Angelo (Reference 3) prepared poly-3,4-isoprene and Gaylord and co-workers (Refer-
ence 4) used butadiene, isoprene and chloroprene to obtain the desired polymer. Cycli-
zation of the pendant nonconjugated 1 6 unsaturated polymer with suitable catalysts
produces g ladder structure.

The problems in preparing a completely perfect ladder polymer are enormous.
Imperfect ladder polymers can result from isolated unreactive groups, from alternative
cyclizations or isomerizations, from crosslinking and from chain scission reactions.
Extremely dilute solutions must be used to prevent crosslinking. Another problem is
that as the ladder polymer is being synthesized, it solubility is decreasing rapidly and
it may precipitate out of solution before ring closure is complete. If the polymer with
the pendant nonconjugated 1,6 unsaturation is not structurally perfect, complications
will arise in the cyclization step. For example, the poly-3,4-isoprene used by Angelo
contained up to 10 percent of 1,4 structural units.

The difficulty in preparing perfect double-chain polymers raises the question as to
how the thermal stability of an imperfect ladder polymer compares with that of a single
chain polymer. A partial solution to this problem can be obtained by setting up in the
storage of a digital computer, an imperfect ladder polymer. Each storage location will
correspond to a different bond and a random number generator will be used o locate the
bond which is being broken during degradation. An unbroken bond will be represented by
a zero and a broken bond by a one. If all the bonds are initially set equal to zero, we
will have a perfect ladder polymer. If we initially set a bond equal to one at prescribed
intervals along the chain we will hgve an imperfect ladder polymer with the ‘‘broken
bonds’’ corresponding to missing bonds in an imperfectly synthesized ladder polymer.
if the random number generator should produce a number corresponding to one of these
missing bonds, a duplicate will be recorded and a new random number will be generated
without any further calculations. It is assumed that the polymer sample is homo- «
geneous, all bonds in the polymer have an equal probability of being broken, the rate of
breaking bonds is proportional to the number of bonds present in the degradmg system
and no fragments can leave the system
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The Monte Carlo calculations are identical to those described previously.

Four- (Type I) and six- (Type 1I) membered ring ladder polymers were studied and
both the simple and complex cases of degradation examined. A single chain polymer
with the same number of bonds per molecule was degraded simultaneously in the com-
puter for comparison purposes.

Type 1 ladder polymers were studied with single bonds first at every'sixth and then
at every twelfth bond along the chain. Type II ladder polymers were studied with single
bonds first at every twelfth and then at every twenty-fourth bond along the chain.

RESULTS FOR IMPERFECT LADDER POLYMERS

The introduction of single bonds along the chain of the ladder polymer results in a
sharp decrease in molecular weight, as degradation occurs, compared to a perfect
ladder polymer. The stability of the imperfect ladder polymer is still much greater than
that of an analogous single chained polymer. The shape of the curves when the ratio of
the number average molecular weight at time kt to the initial number average molecular
weight is plotted against kt is very interesting. With a small number of single bonds
within the ladder chain, the curves still have an induction period where the change of
molecular weight is relatively small. It then drops very rapidly, although not as fast
as a single chain polymer. As the number of single bonds are increased, the induction
period disappears and the shape of the curve is the same as that of the single chain
polymer although the molecular weight still does not decrease as fast. With a suitable
value of k, it is possible that the curves will become superimposable and that the im-
perfect ladder polymer will have no increased advantage in thermal stability over a
single chain polymer. The answer to this problem must await the synthesis and charac-
terization of imperfect ladder polymers and a study of their chemical behavior when
undergoing thermal degradation.
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APPENDIX 1
COMPUTER PROGRAM
SIMPLE CASE. TYPE 1
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¢ TESSLER LADDER POLYMER DEGRADATION
DIMENSION L{100,200)
FREQUENCY ?fl;ﬁc?)t8f§si9$};§f§;is?3;ﬁf?;ﬂil}*lﬁf?tltsi§I3f3§1!93
1514(9s1+0)
NBRAK=0
NDUP=0
NLNK=0
DO 25 IX=1.30
DO 24 I=1,200
R=RAND1{Y1%19900,
NR=R
ML=NR/199 +1
NE=199#ML -~ NR
7 IF{NB-66183s8+4 4
8 IFIL{HLQ“S?*}}EB;II;?S
28 L{MLsNBI=1
g IF{1-L{MLsNB+66) 124,y S5s24
& IF{NB-132}10,10,14
10 IF(LI{MLsNBI=-13117211417
17 LIMLsNBI=1
i3 IF{1-LIMLyNB-66)124+54+24
14 IF(L{ML«NB)I-1)12+s11s12
12 L{MLsNB}i=1
NLNK=NLNK+]1
GO TO 24
5 NBRAK=NBRAK +1
GO TO 24 .
11 NDUP=NDUP+1
24 CONTINUE
BRK=NBRAKX
ANMW=100,/7{100.+BRK)
XI=1X
DUPN=NDUP
?IﬁE=LGGFfI99QGto19989;“233a*XI+9UPN3}
ASMW=100,/7(100,+200,%XI~DUPN} )
WRITE OUTPUT TAPE 34309 NBRAXNDUPSNLNKANMWsASMW,TIMF
30 FORMAT {1X+3110.3F20.5)
25 CONTINUE
CALL EXIT
END

14
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APPENDIX II
COMPUTER PROGRAM
SIMPLE CASE. TYPE I
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C TESSLER LADDER POLYMER DEGRADATION FUSED & MEMBERED RING
* XEQ

DIMENSION L{100,200}

FREQUENCY 7i11sUs2}198(931+0)323{153+01+s40(051+914421051,59}
1961(093199)1943(0919919412+0811310{941+0)1s21{15140}247{0+1,+9}
2949{0+1+91+4B8(051591+450{0+1+91s14(041,9

NBRAK=0

NDUP=0

NLNE=0O

DO 25 IX=1s30

DO 24 I=1+200

R=RAND1{Y}#19600.

NR=R

ML=NR/196+1

NB=196%ML-NR

7 IF{NB-7B18+8:4
8 IF{L{MLsNB}=-1128+11,28
28 L{MLsNBI=1
NA=NB/2
23 IF{2*NA-NB140s41+40
40 IF{1-L{MLsNB+78)142,+54+42
42 IF{1-L{MLsNB+79)1124454+24
41 IF({1-L{MLsNB+7813143,5+43
43 IF{1-LIMLINB+TT71124,+5524
4 IF{NB-156110:10,+14%
10 IF{LIMLINBY~1)17911,17
17 L{MLsNBI=1
NC=NB/2
21 IF{22NC-NB147+48+47
47 IF{1-L{MLsNB-TB1149:5:49
49 IF{1-L{MLINB-T7)124:5+24
48 IF{1-L{MLsNB-T81150,54+50
50 IF{1-LIMLINB-T79}1124,5,24
14 IF{1-L{MLsNB)Y112s11,:+12
12 L{MLsNB}=1
NLNK=NLNK+1
GO TO 24
5 NBRAK=NBRAK+1
GO T0 24
11 NDUP=NDUP+1
24 CONTINUE

BRK=NBRAK

ANMW=100.,/{100.+BRK}

X1=1X

DUPN=NDUP ‘

TIME=LOGF{19600.,/7(195600.-200.%XI+DUPN})

ASMW=10047(100,+200,%X1-DUPN) ,

WRITE OUTPUT TAPE 3,30,NBRAK sNDUP sNLNK s ANMW s ASMW » T IME
30 FORMATI(1X9311043F20,5})
25 CONTINUE

CALL EXIT

END :
n tx- - (67 ; o ' 0705QUO00
*#J ~9(NZ5GA 7 =2 -E ~6 =~ 3 5- - 97 .95 == 94 78 == ~5 =5 ~7 —— 4E ~4 -0705QUO01
2YTIPIST 9 -G 5484 -1 -9 -5 - 2(x) - 9 -~ 07050402
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ML TDR 64-151

APPENDIX HI
COMPUTER PROGRAM
COMPLEX CASE. TYPE 1

T
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ML TDR 64-151

C TESSLER LADDER PULYMER DEGRADATION WHERE BRAX LNKS CAN YIELD BRAX
o * XEG

DIMENSION L{100,200}

FREQUENCY 7{1sUsZ}+8{951+01359{0s1291531{1+1s35sB8B1(0+19931+84{04+%,1}
19593(09159)554(091+51269(9915113542(051+5)9441099+1)546(041,49)
2548(051+9)540190+11532(9+190)46(0+1+9)997(1+19F}1535(921,0)
3536(0+991)960(05159)s62(05159)268{9s1+11920{0+1491921(09991}
ﬁ)?}iﬁti;?isz?{8;199§,i3f9:1§9}i19€¥1§19939191f9§1§9§9137f9§1t9¥
55109{9+190} 111{9s15179194{951:012338{91,0)
63120(9+1+0) ‘

NBRAK=0

NDUP=0

NLNK=0 :

DO 25 IX=1+30

DO 24 T=1+200

K=RANDI{(YI#19900,

NR=R

ML=NR/199+1

NB=199*ML-NR

7 IF{NB~656)8s8+4
8 IF(LIMLsNBI=1128511,28
28 LiMLsNB)=1
9 IF{1-L{MLsNB+661180+5480
€ OPPOSITE BOND CHECKED
80 DO 51 IC=1,67
NW=NB+133=IC
31 IF(NW-12315+81+81
81 IF{1-L{MLNW)}B84+51,84
51  CONTINUE ,
C ALL CROSSLINKS TO THE LEFT CHECKED
84 IF{IC~1185375+85
a5 10=1C-~1 :
DO 52 KA=1+I0
NX=NB+66~KA
93 IF{1-L{MLsNX}}153+54+53
C ALL OPPOSITE SIDE LINKS CHECKED
»3  NY=NB-KA '
54 IF{1-L{MLaNY 15245452 ‘
C ALt ADJACENT SIDE LINKS CHECKED
52 CONTINUE -
75 DO-17 IC=1467
Nw=NB+132+IC
69 IF{NW-199}42+42,5
42 IF(1-LIMLNW)I 44917484
17 CONTINUE o
£ ALL CROSSLINKS TO THE RIGHT CHECKED

18




ML TDR 64-151

44
45

&6
C ALL
47
48
C ALL
19

4
32

33
6

IF(IC=1)45424,45

10=1C~1

DO 19 KA=1,10

NX=NB+66+KA "
IF(1-L(MLsNX)Y4T95547
OPPOSITE SIDE LINKS CHECKFD
NY=NB+KA
IF(1-L{MLsNY)11955419
ADJACENT SIDE LINKS CHECKED
CONTINUE

GO T0 2&
IF(NB-~132)32,32,13
TF(L(MLINB)Y~1)35411933
L(MLsNB)=1
IF(I-L(MLQNB-66)$3ho593ﬁ

C OPPuUSITE BOND CHECKED

34

97
35
S0
C ALL
36
37

60
C ALL
61
62

C ALL.

39
38

DO 90 IC=1+67

NW=NB+67-1C i

IF (NW=133)535,35
IF(L(ML’NW)“1)36990936
CONTINUE

CROSSLINKS TO THE LEFT CHECKED
IF(1C=1)37+38937

10=1C~-1

DO 39 KA=1,410

NX=NB-66<KA
IF(1-L({MLONX)YI6195961
OPPOSITE SIDE LINKS CHECKED
NY=NB=-KA
IF(1-L(MLoNY)139+5939
ADJACENT SIDE LIRKS CHECKED
CONTINUE

DO 63 IC=1967

NW=NB+66+1C

TF (NW=199)20,20,5
IF(1-L(MLONW)121+63,421
CONTINUE

CROSSLINKS TO THE RIGHT CHECKED
IF(1C-1})22424,22

10=1C-1

DO 23 KA=1,y10

NX=NB-66+KA
IF(1-LIMLINX)126+5+26
OPPOSITE SIDE LINKS CHECKED
NY=NB+KA
IF(1-L{MLsNY))23,5,23

19




ML TDR 64-151

C ALL
23

" 13
29

190
102
131
100
C ALL
105

107
108
109

106

ADJACENT SIDE LINKS (HECKED

- CONTINUE

G0 TO 24
IF{L{MLINBI-1129511429
LIMLsNBI=1

NUNK=NLNK +1

DO 100 IC=1.67
thxa—ic-1333134,102,192
1P=NB~IC

IFiLiMLs 1P~ 1}185;133,105
CONTINUE -

CROSSLINKS TO THE LEFT CHECKEE
DO 106 IW=1sIC
NX=NB-1W~-1132

IF{LIMLNX}~ 13388;184;10#
NY=NB-IW-65&

IF{LIMLNY ) - 13166;1&#;164
CONTINUE

60 10 24

C CHECKED ALL SIDELINKS TO THE LEFT

104
111
112
194

. 110
C ALL
. 116

118
119
120
117

DO 110 IC=1+67
IF{RB+I{—1§9}1129112o5
P=NB+1C
iF{LfRL;I?}~I}116:119:116
CONTINUE
CROSSLINKS 7O THE RIGHT CHECKED
DO 117 IW=1.1C
NX=NB+IW-133
IF{L(ML;RX}-ISEI?:S;II?
NY=NB+1W-567
IFLLIMLNY )} -13117+5+117
CONTINUE

C CHECKED ALL SIDELINKS TO THE RIGHT

5

i1
24

30

25

GO 70 24
NBRAK=NBRAK+1
GO 70 24
NDUP=NDUP+1
CONTINUE
BREK=NBRAK

ANMW= 160.?5198.+BRK§

Xi=1X

DUPN=NDUP
?IEEsteGFf19909-?{19939¢—208¢*XI+BGPN}!
ASMW=1004/{100.+200.#XI-DUPN} i .
WRITE OQUTPUT TAPE 330 sNBRAKsNDUPsNLNX s ANMWsASMW s TIME
FORMAT{1X93110s3F20.5}

CONTINUE
CALL EXIT
END

20




ML TDR 64-151

APPENDIX IV
COMPUTER PROGRAM
COMPLEX CASE. TYPE I
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ML TDR 64-151

C8 TYPE 1! WHERE CROSSLINK BREAK LEADS TO ADDITIONAL SIDE LINK BREAKS
* XEQ
DIMENSION L(100,200}
FREQUENCY 7{1+052138{99130)392{11+0)1,93(05199}395{0414+9)
1994?3;1;93y96€3:1s9};31(1;1;9?981(691;9§sS&{Q;?;I};?3(G§IQ9¥
29541(001+9)1369(Fs1s1)1242(0+1+9144{0+94113461031+9)1448{04514+9}
394{150911932{951s0)+100{1+1+0)+98(051,9}5101{031+91+99(0,1,9}
433102(05199)997{1s1991935{9:1+01+38{059+11+60{0+1:59)1+62(041,9}
5968(99191)520(051+91521(0s951)591(051+9)327(04159)513(9414+0)
63190{1+1+971+191{9+1,0)+107{9919035109{9,1,+0)
Ts111{99151)12194(9s1+01:118{9:1:01+120{9,1,0}
NBRAK=0
NDUP=0
NLNK=D
DO 28 1X=1s30
DO 24 1=1s200
R=RANDI(Y }#19600,
NR=R
ML=NR/196+1
NB=196*ML~NR
7 IF{(RB~7TB1Bs8s4
8 IF{L(MLINBI~1128+11,28
28 L{MLJNBI=1
NA=NB/2
92 IF{Z2%NA-NBI93:94,93
g3 IF{1-L{MLsNB+781195,5,95%
95 IF(1-L{MLINB+791180458,80
94 IF{1-L{MLsNB+781198,5,96
6 IF{1-=LIML+NB+TT7118B0+5,80
C BOTH OPPOSITE BONDS CHECKED
- 80 DO 51 IC=1s41
NW=NB-NB/2+1587~-1C
31 IF{NW-157)15:81,81
81 IF{1-L{ML NWi184.51,84
51 CONTINUE ‘
C ALL CROSSLINKS 7O THE LEFT CHECKED
84 IF{IC-1185,75+85
85 I0={IC-1}%2
DO 52 KA=1s10
NX={{NB+1)1/2)1%2+77~KA
73 IF{1-L{MLsNX}153s5+53
C ALL OPPOSITE SIDE LINKS CHECKED
53 NY=NX-78
54 IF{1-L{MLsNY}1524+5+52
C ALL ADJACENT SfDEytfﬂxs CHECKE§
52 CONTINUE

22




ML TDR 64-151

75

69
42
17
ALL
44
45

46
ALL
47
48
ALL
19

4
32
33

100
98
101
99
102

DO 17 IC=1441
NW?NB-NB/2+I56+IC _
IF(NW~196)42+42,45
IF(l-L(ML,NN))449179¢#
CONTINUE

CROSSLINKS TO THE RIGHT CHECKED
IF(IC~1)4542444>
10=(IC~1)%2

DO 19 KA=1,10
NX={(NB+1)/2)%2+78+10:
IF(1-L{MLINX)YaT795447
OPPOSITE SIDE LINKS CHECKED
MY=NX~78
TF(1~-L(MLINY))1995419 -
ADJACENT SIDE LINKS CHECKED
CONTINUE

GO TO 24

IF(NB- 156)32932’13
IF{L{MLsNB)~ 1)33911933
L{MLsNB)=1

NC=NB/2 :
IF(Z*NC—NB)98999998,
IF(1-L{MLsNB-T8)1101+s5+101
IF(1-L(MLINB-TT7))34,5,34
IF(1-L(ML sNB-78)1102+5+102
IF{1-L(MLsNB=~79)134,5,34

OPPOSITE BONDS CHECKED

34

97
35
90

“ALL

36
37

60
ALL
61
62
ALL
39
38

68

DO 90 1C=1441 -
NW=NB~NB/2+118-1C -
IF(NW-157)5+35+35
IF(L(MLQNW)*1)36,°0;36
CONTINUE

‘CROSSLINKS TO THE LEFT CHECKED
IF(IC~1137438+37
10=(1C-1)%2

DO 39 KA=1s10
NX={(NB+1)/2)%#2~79-KA
IF(1~L(MLsNXJ)61+5961
OPPOSITE SIDE LINKS CHECKED
NY=NX+78
IF(1-L(MLsNY))39s5939
ADJACENT SIDE LINKS CHECKED
CONTINUE

DO 63 IC=1,41
NW=NB-NB/2+117+1C

IF (NW~196120+20+5

23




ML TDR 64-151

20
63

C ALL
21
22

91
C ALL
26
27
C ALL
23

13
29

190
202
191
200
C ALL
105

IF(1-L{MLsNW)) 21963521
CONTINUE

CROSSLINKS TO THE RIGHT CHECKED
IF(IC-1122924922
10=(IC-1)%2

DO 23 KA=1,10
NX=((NB+1)/2)#2-TB+KA
IF(1-L(MLsNX))26+5+26
OPPOSITE SIDE LINKS CHECKED
NY=NX+78
IF(1-L(MLsNY))23+5023
ADJACENT SIDE LINKS CHECKED
CONTINUE

GO TO 24
IF(L(MLYNB)~1)29511+29
L{MLsNB) =1

NLNK=NLNK+1

DO 200 IC=1541

IF (NB-1C-15711042024+202
IP=NB-1C
IF(L(MLsIP)=1)1055200,105
CONTINUE

CROSSLINKS TO THE LEFT CHECKED
IBA=2%1C

DO 106 IW=1sIBA
NX=2%(NB~156)~1-1W

107 IF(LIMLsNX}~13}108,104,104
108 NY=NX+78
109 IF(L{MLsNY}-11106,104,104%
106 CONTINUE
GO TO 24
C CHECKED ALL SIDELINKS TO THE LEFT
104 DO 110 IC=1s41
111 IFINB+IC-1961112:112,5%
112 IP=NB+IC
194 IF{L{MLsIP}-1}11651104115
110 CONTINUE
€ ALL CROSSLINKS TO THE RIGHT CHECKED
116 IBA=2%IC
DO 117 IW=1,1IBA
NX=2%({NB~-1571+78+1W
118 IF{L{MLsNX)-131119+5,119
119 NY=NX-78 ;
120 IF{LIMLsNY)=11117+5+117
117 CONTINUE

C CHECKED ALL SIDELINKS YO THE RIGHT

24




ML TDR 64-151

GO TO 24
5 NBRAK=NBRAK+1
GO TO 24
11 NDUP=NDUP+1
24 CONTINUE
BRK=NBRAK
ANMW=100,/(100,+BRK)
XI=IX
DUPN=NDUP
TIME=LOGF{196004/(196004~2004,%XI+DUPN})
ASMW=100,/(100,+200,%#XI1~DUPN)
WRITE OUTPUT TAPE 3530sNBRAKsNDUPsNLNK s ANMW s ASMW 3 T IME
30 FORMAT(1Xs311053F20.5)
25 CONTINUE

CALL EXIT

ERD .
1l (X- - (G7 0708000
%1 -9(NZS5GA 7 -2 -E -G - 3 65~ =~ 97 95 -~ 94 78 —--= -5 -5 -7 —— 4F -4 -0708QUD1

*IT(P(ST 9 -G 5484 -1 -9 -5 - 2(xy - 9 - 0705Qin2
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ML TDR 64-151

APPENDIX V
COMPUTER PROGRAM
SIMPLE CASE. TYPE 1

SINGLE BOND EVERY SIXTH BOND
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ML TDR 64-151

C15 EVERY SIXTH BOND IS SINGLE CHAIN BOND CALCULATE NAMW CHANGFE
C CASE 1 SIMPLE PROBABILITY FOR ALL BONDS BREAKING IS5 EQUAL
DIMENSION L{100,200) :
FREQUENCY 7{150+2138{951+40129{05169194{1+0+11+10{F+1501313{0s1+9}
1+s14(9+150}
NBRAK =0
NDUP=0
NLNK=0
DO 810 MA=1,100
DO 820 IB=6+66+5
820 Li{MAsIB)=1
810 CONTINUF
DO 2% IX=1430
DO 24 I=1+200
R=RAND1{Y }¥*19900,
NR=R
ML=NR/199 +1
NB=199¥ML -~ NR
7 IF{NB-6618+Bs4
B8 IF{L(ML.NB)-11285114+28
28 L{MLJNB)=1
9 IF{1-L{ML+NB+661)124s 5224
& IF(NB-132110+10,14
10 IF{LIMLINB)I-1117+11,17
17 L{ML NB}=1
13 IF{1-LI{ML+NB-661124:+54+24
14 IF{LIML«NB}-1112+11412
12 Li{MLsNRI=1
NUNK=NLNK+1
GO TO 2¢&
5 NBRAK=NBRAK +1
GO T0O 24
11 NDUP=NDUP+1
24 CONTINUE
BRX=NBRAK
ANMW=100,/1100.+BRK?
XI=1x%
DUPN=NDUP
TIME=LOGF{18800,/118800,-200.#XT+DUPN}}
ASMW=100,/71100.+200.%X1-DUPNR)
WRITE QUTPUT TAPE 3,30, NBRAKsNDUP NLNKsANMWASMUW s TIME
30 FORMAT (1Xs3110+3F20.5}
2% CONTINUE
CALL EXIT
END

28




ML TDR 64-151

APPENDIX VI
COMPUTER PROGRAM
SIMPLE CASE. TYPE 1
SINGLE BOND EVERY TWELFTH BOND
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ML TDR 64-151

C CASE 1 SIMPLE~PROBABILITY FOR ALL BONDS BREAKING IS EQUAL
C16 EVERY TWELVTH BOND IS SINGLFE CHAIN BOND -CALCULATE NAMW CHANGE
DIMENSION L{100,200}
FREGUENCY 7(19092}138{991¢01+9{05139)+41(1s0s1)+10(9+1+01s13{0s1+9)
1s14(9+1.0}
NBRAK=0
NDUP=0
NLNK=0
DO 810 MA=1,100
DO B20 IB=124+664+12
820 L{MA.IBY=1
810 CONTINUE
DO 25 IX=1s30
DO 24 1=1,200
R=RANDI(Y 1%19900,
NRE=R
ML=NR/199 +1
NB=199%ML - HNR
7 IF{NB~6618+8+4
B IF{L{MLsNB}-1)28+11+28
28 L{MLNBI=1
9 IF{1I-LIMLINB+66Y124s 5324
4 IF(NB-=132110+10+14
10 IF{LIMLSNBI-1117911»17
17 Li{MLsNBI=1
i3 IF{1~-L{MLINB-66112445424
14 IF(L{MLNBI=-1112+11+12
12 LI{MLsNB)=1
NUNK=NLNK+1
GO 10 24
5 NBRAK=NBRAK +1
GO 10O 24
11 NDUP=NDUP+1
24 CONTINUE
BRE=NBRAK
ANMW=100,/{100.,+BRK)
Xi=IX
DUPN=NDUP ‘
TIME=LOGF{19400.7{19400,=200.,#X1+DUPN}}
ASMW=1004+ /7110044200 #XI~DUPN)
WRITE QUTPUT TAPE 3,30, NBRAKJNDUPSNLNK ANMWsASMWTIME
30 FORMAT {1X+3110+3F20,.5)
25 CONTINUE
CALL EXIT
END
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ML TDR 64-151

APPENDIX VII
COMPUTER PROGRAM
SIMPLE CASE. TYPE II

SINGLE BOND EVERY TWELF TH BOND
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ML TDR 64-151

C19 CASE Il SIMPLE EVERY TWELVTH BOND IS5 SINGLE CHAIN BOND
C PROBABILITY FOR ALL BONDS BREAKING IS EQUAL-CALCULATE NAMW CHANGE
* XEQ

DIMENSION L{1004+200}%

FREQUENCY T{(190+2)138{9+140)123{131+01440{0+157}1s42{051,9}
19461{091391963(05199194{(2+09112100(95120)921{191s0}347({05,1+9}
23491(0+1391s48{051+9}1950{0+1s9)514{0+1+5}

NBRAK=0

NDUP=0

NLKK=0

DO 810 MA=1.+100

DO 820 IB=12+78,12

820 LI{MA,IBI=1
810 CONTINUE

DO 25 IX=1+30

DU 24 I=1,200

R=RAND1{Y}%19600.

NR=R

ML=NR/196+1

NB=196%ML -NR

T IF{NB-7818+8+4
B IF{L{MLsNBI-112B+11+28
28 L{MLsNBI=1
NA=NB/2
23 IF{2#NA-NB}40+41+40
40 JF{1-L{ML+NB+7B)}42+5+42
42 IF{I-LI{MLsNB+T79)124+54+24
41 IF{I-L{(MLsNB+781143,5+43
43 IF(1-L{MLsNB+T771124554+24
4 IF{NB-156110:10,14
10 IF{L{MLINBI=1117+11,17
17 L{MLsNB)=1
NC=NB/2
21 IF{Z2¥NC-NB)I4T248+47
47 IF(1-L{MLINB-T78)1149,5449
49 [F{1-L{MLsNB~T771312844+5+24
48 IF{1-L{MLINB~TB}150,5,50
50 IF{I-LIMLINB-T791124+5:24
14 IF{1-L{MULsNB})}12+s11,12
12 LimLsNBI=1
NLNK=NLNK+]
GO 1O 24
5 NBRAK=NBRAK+1
GO TO 24
11 NDUP=NDUP+}
Z4 CONTINUE
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ML TDR 64-151

BRK=NBRAK
ANMW=100./(100.+BRK)
XI=IX
DUPN=NDUP '
TIME=LOGF(190004/(19000,-2004%XI+DUPN))
ASMW=1004/(100.+200.%X1~-DUPN)
WRITE OQUTPUT TAPE 3,30sNBRAKsNDUP sNLNK s ANMWSASMW s T IME
30 FORMAT(1X93110+3F2045)
25 CONTINUE

CALL EXIT

END
)1 {X- - {G7 07050000
®#) ~9(NZ5GA 7 -2 -E -6 - 3 5- =~ 97 95 =~ 94 78 -~ =5 -5 =7 —~ 4E -4 ~070S0QU01
XU7(P(ST 9 -G 5484 -1 -9 -5 -~ 2(xy - 9 - 0705QU02
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ML TDR 64-151

APPENDIX VIII
COMPUTER PROGRAM
SIMPLE CASE. TYPE II
SINGL.EE BOND EVERY TWENTY-FOURTH BOND
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ML TDR 64-151

C20 CASE 1I SIMPLE EVERY TWENTY FOURTH ROND 1S SINGLE CHAIN BOND
C PROBABILITY FOR ALL BONDS BREAKING 1S EQUAL - CALCULATE NAMW CHANGE
* XEQ

DIMENSION L{100,200)

FREQUENCY ?(1&3921!5f9:1;0?yEBflsl;G}:&ﬂfﬁyis??§42{3§1t9§
13*1{3!1:93?43{0s199}94(29G§1}§19f9’1;3itZI(l;I;G}sﬁ?fﬁylsgi
2*#9{3;199}§48{931s9};53(3;1;9?;14{991;9?

NBRAX =0

NDUP=0

NLNK=0

D0 810 MA=1:100

DO 820 IB=24478,24

820 LIMA,IBI=1
810 CONTINUE

DO 25 IX=1.30

DO 24 1=1+200

R=RAND1{Y}%19600.

NR=R

MLaNR/196+1

NB=19&6*¥ML~-NR

7 IF{NB-T7818+8Bes
8 IF{L(ML;NB}~1728!31928
28 L{MLsNB}=1
NA=NR/2
23 i?{S*ﬂA-ﬁB}ﬁﬂsﬁigﬁs
40 IF{l-LiML:KB+TS}3&2;5;$2
42 IF‘I-L‘&L&“B*??})ZQ:ﬁ*E#
41 iF{l—L(KL;&B+?8}!43:§;43
43 iFfI’L{ﬁLgRB*?T}}QQQStEQ
4 fF{NB—I5&113;IG;14
10 IF{L{RL(&B!*I?I?&II;I?
17 LI{MLsNBI=1
NC=NB/2
21 IF (2#NC-NBY 4T 2489587
47 IF(i*LfHL;NS—?S}}k9;5s§9
49 i?{i‘LiKL!NB~??)}2#;§:2ﬁ
48 IF{i*L(HLvﬂB—?S??SQ;S;SQ
50 IF{}*L‘HL}HB“??}?E&tstzﬁ
14 IF(I—L(HL;NB??IZ:IIaIE
12 L{MLsNB}I=1
NURK=NLNK+]
60 TO 24
5 NBRAX=NBRAK+1
GO TO 24
11 NDUP=NDUP+1
24& CONTINUE
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ML TDR 64-151

BRK=NBRAK

ANMW=100+/(1004+BRK)

XI=1Xx

DUPN=NDUP

TIME=LOGF (19300,/(19300+~200+%¥XI+DUPN})

ASMW=1004/{1004+200, %X I~DUPN)

WRITE QUIPUT TAPE 35304NRRAK sNDUP sNLNK s ANMW s ASMW o T TME
30 FORMAT(1X93110+3F2045)
2% CONTINUE

CALL EXIT

END
11 (X~ - (G7 070s501N0
*J -9(NZS5GA 7 -2 =E ~G = 3 5- - 97 95 —— 94 78 ~- -5 =5 -7 —— 4F -4 -070S0U01
*UT(P(ST 9 -G 5484 ~1 -9 -5 ~ 2{X) - 9 -~ 07050102

37




ML TDR 64-151

APPENDIX IX
COMPUTER PROGRAM
COMPLEX CASE. TYPE 1
SINGLE BOND EVERY SIXTH BOND




ML TDR 64-151

C17 CASE 1 COMPLEX~EVERY SIXTH BOND IS SINGLE CHAIN BOND
BABILITY FOR ALL BONDS BREAKING IS FQUAL -~ CALCULATE NAMW CHANGE

C PRO
*

820
810

7
8
28
3
C OPP
80

31
81
51
C ALL
84
85

93
C ALL

XEQ
DIMENSION L({100,200)

FREQUENCY 71{1+052198(951901+9{05139)931{1+1991281{0+1+91+841(039,1}
1993{(0+195)13541091991969(9s1311942(03149)1s441{0+951):46(0+1+9)
2+4B8105199)124(130511532{991901+6(0+191897{15149)335{(921,0}
3436(0+9s11360{05139196210+1391968(951,11320{0+1593s21(0+9s1)
4991{03199Y927{021591+13{(9+1+031+190{1+1+915131(9:130)+107{951+0}
11119610119 10410:14014118{2,1+0)

59109({9s1s01})
6212009210}

NBRAK=0

NDUP=D

NLNK=0

DO 810 MA=1,100

DO 820 IB=12466412
L{MA,IB}I=1

CONTINUE

DO 25 IX=1430

BO 24 1=14+200
R=RANDI{Y)}#19900,

NR=R

ML=NR/199+1

NB=199%ML~NR
IFINB-66)8384+4
IFtLIMLINBI-1128511,28
L{MLsNB}=1 ,
IF(1-L{ML +NB+661180,5+80
OSITE BOND CHECKED

DO 51 1C=14+67
NW=NB+133-1¢C
IF{NW-13315,81s81 _
IF{1-LIMLsNWI1B4951,84
CONTINUE

CROSSLINKS TO THE LEFT CHECKED
IF(IC-1185:75+85

10=1C~1

DO 52 KA=1,+10
NX=NB+6&~KA
IF(1~L{MLINX}153+5+53
OPPOSITE SIDE LINKS CHECKED
NY=NB~KA
IF{1-L{MLsNY1152,5352
ADJACENT SIDE LINKS CHECKED
CONTINUE

DO 17 IC=1,87
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69
42
17

C ALL
44
45

46
C ALL
47
48
C ALL
19

4
32
33
6

NW=NB+132+1C
IFINW~-199)42+42+5
IF(1-L(MLONW) 4L 1T 44
CONTINUE

CROSSLINKS TO THE RIGHT CHECKED
IF{IC~1)45+244+45

10=1C=}

DO 19 KA=1,10

NX=NB+66+KA
IF{1-LIMLINX))4T95947
OPPOSITE SIDE LINKS CHECKED
NY =NB+KA
IF{1-L(MLINY))19+55919
ADJACENT SIDE LINKS CHECKED
CONTINUE

GO TO 2&

IF(NB~132)32+32+13
IF(L{MLsNB}-1)33+11,33
L(MLsNB)=1
IF(1-L(MLsNB~66))34,5,434

C OPPOSITE BOND CHECKED

34

97
35
90
C ALL
36
37

60

C ALL
61
62

C ALL
39
38

68
20
63
C ALL
21
22

DO 90 IC=1467

NW=NB+67-1C
IF(NW-~133)5535,35
IF(L(MLINW)-1)36+90,36
CONTINUE

CROSSLINKS TO THE LEFT CHECKED
IF(IC-1)37+384+37

10=1C-1

DO 39 KA=1,y10

NX=NB-66-KA
IF(1-L(MLsNX))6195961
OPPOSITE SIDE LINKS CHECKED
NY=NB-KA
IF(1-L{MLsNY))3955439
ADJACENT SIDE LINKS CHECKED
CONTINUE

DO 63 IC=14+67

NW=NB+66+1C
IF(NW=199)20452045
IF(1-L(MLONW))21s63,21
CONTINUE

CROSSLINKS TO THE RIGHT CHECKED
IF(IC=1)22+24,422

10=1C-1 »

DO 23 KA=1s10
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ML TDR 64-151

91

C ALL
i
27

C ALL
23

13
29

190
io2
191
100
C ALL
105

107
108
109
106

NX=NB-66+KA
IFI1-LIMLsNX11264+54+26 .
OPPOSITE SIDFE LINKS CHFCKED
NYSNB+KA
IF(1-L{MLsNY123:5+23
ADJACENT SIDE LINKS CHECKED
CONTINUE

GO TO 24
IF{L{ML,NB}~1129+11,29
LIML,NB}=1

NLNK=NLNK+1

DO 100 IC=1,67
IF{NB-IC~1331104+102,107
IP=NB~IC
IF{L{MLIP)I-11105,100,105
CONTINUE

CROSSLINKS 7O THE LEFT CHECKED
DO 106 IW=1,1IC

NX=NB-I1W-132

IF{L{MLsNX}~ 1)188;18&;104
NY=NB-1W-66
IF{L(MLINY)=1)1065104+104
CONTINUE

GO TO 24

C CHECKED ALL SIDELINKS TO THE LEFT

104
111
112
194
110
C ALL
116

118
119
120
117

BO 110 IC=1467
IF{NB+IC-19911125s11255
IP=NB+IC
IF(LIML2IP}-111165110,116
CONTINUE

CROSSLINKS TO THE RIGHT CHECKED
DO 117 IwW=1,1C
NX=NB+IwW~-133
IF{L{MLINX]I-11119,5,119
NY=NB+IW~-67

IF{L(MLINY )~ 1}11?95;117
CONTINUE

C CHECKED ALL SIDELINKS TO THE RIGHT

11

30
25

GO TO 24
NBRAK=NBRAK+1

GO T0 24
NDUP=NDUP+1
CONTINUE

BRK=NBRAK
ANMW=100./(100.+BRK}
XI=1X

DUPN=NDUP

TIME=LOGF (188004/(18800,-2004%X1+DUPN))
ASMW=1004/(1004+200«*XT=DUPN}

WRITE OUTPUT TAPE 3,30,NBRAKsNDUP sNLNK s ANMW s ASMW , T IME
FORMAT{1X»311053F20.5)

CONTINUE

CALL EXIT

END
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ML TDR 64-151

APPENDIX X
COMPUTER PROGRAM
COMPLEX CASE. TYPE 1
SINGLE BOND EVERY TWELFTH BOND
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ML TDR 64-151

C18 CASE I COMPLEX EVERY TWELVTH BOND IS SINGLE CHAIN BOND
C PROBABILITY FOR ALL BONDS BREAKING 15 FQUAL - CALCULATE NAMW CHANGE
* XEQ

DIMENSION L{100,200}

FREQUENCY T(130:2198(991503391(0s1+93331{141+91381(0+1291484{0+9,+1)
1593{051991954{0s1991389( 951511 +42{0:1+F19441049911:,48{(0,1+9)
2948105139154 (15031)1532(9519U196( 0414919971119 1+35(94+1,0}
3;36{3;991}séﬁ{ﬂ;l:?}s&E{G;I99};68(991;1};28f39199}921(6;?91}
4391{04129192710s1393s13(031501190(1+159)+1911931+01+107(9571.0}
53109(991301} 1110931613 194(F5s790)1:118(G51,0}
£+120(9+1,0)

NBRAK=0

NDUP=0

NLNK=D

DO 810 MA=1,100

DO B20 IB=63+664+6

820 Li{MA.IB)=1
810 CONTINUE

po 25 IX=1.30

DO 24 I=1s200

R=RAND1{Y I ¥%#19900.

NR=R

ML=NR/199+1

NB=199%ML -NR :

7 IF(NB~66)8:8+4 ?
8 IFIL{(MLsNB}-1128+11,28
28 L{MLsNB}=]1
9 IF{1-LIML +NB+661Y180,454+80
C OPPDSITE BOND CHECKED
80 DO 51 IC=1467
NW=NR+133~1C
31 IF{NW-133)5:81,81
81 IF(I-L{ML+NW}1B&s51,84
5: CONTINUE
C ALL CROSSLINKS TO THE LEFT CHECKED
8% IF{IC-11854+754+85
85 10=1C~1
DO 52 KA=1310
NX=NB+6&6~KA
93 IF{1-LIMLsNX}153+5453
C ALL OPPOSITE SIDE LINKS CHECKFD
53 NY=NB-KA
54 IF(1-LIML sNYYIB2+5552
C ALL ADJACENT SIDE LINKS CHECKED
52 CONTINUE
75 DO 17 1C=14+67
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ML TDR 64-151

69
42
17
C ALL
44
45

46
C ALL
47
48
C ALL
19

4
32
33
6

NW=NB+132+1IC
IF(NW=199)42+4245
IF(1-LUIMLsNW)) 4491704
CONTINUE

CROSSLINKS TO THE RIGHT CHECKED
IF(IC~1)45424445

10=1C~]

DO 19 KA=1,410

NX=NB+66+KA ,
IF(1-LiMLsNX) 14795947
OPPOSITE SIDE LINKS CHECKED
NY=NB+KA )
IF(1-L{ML>NY))1955519
ADJACENT SIDE LINKS CHECKED
CONTINUE

GO 10 24

IF(NB=132)32+32,13
IF(L{MLsNB)-1133,11,33
LI{MLoNB)=1

IF(1-L(ML sNB~66)1344+5434

C OPPOSITE BOND CHECKED

34

97
35
90
C ALL
36
37

60
C ALL
61
62
C ALL
39
38

68
20
63
C ALL
21
22

DO 90 IC=1s67

NW=NB+67~1C

IF (NW=133)5,35,135
IF(L{MLINW)-1)36590,35

CONT INUE:

CROSSLINKS TO THE LEFT CHECKED
IF(1C-1)37+38,37

10=1C-1

DO 39 KA=1,10

NX=NB-66-KA A
TF(1-L{MLINX)16135561
OPPOSITE SIDE LINKS CHECKED
NY =NB-KA
IF(1-L{MLsNY)13955+39
ADJACENT SIDE LINKS CHECKED
CONTINUE

DO 63 IC=1,67

NW=NB+66+1C

IF (NW-199120+20,5
IF(1-L(MLsNW))21+63,21
CONTINUE ,
CROSSLINKS TO THE RIGHT CHECKED
TF(1C~1122524+22

10=1C~1

DO 23 KA=1,10
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NX=NB-66+KA
91  IF(1-L(MLsNX))2655+26
C ALL OPPOSITE SIDE LINKS CHECKED
26 NY=NB+KA
27 IF(1-L(MLsNY))23+5+23
C ALL ADJACENT SIDE LINKS CHECKED
23 CONTINUE
GO TO 24
13 IF(LIMLINBI~1129511,29
29  L(MLsNB)=1
NLNK=NLNK+1
DO 100 IC=1+67 ,
190 IF(NB-IC-133)104+1025102
102 IP=NB-IC
191 IF(L(ML»IP)~1)105,100,105
100 CONTINUE
C ALL CROSSLINKS TO THE LEFT CHECKED
105 DO 106 1W=141C
NX=NB-1W-132
107 IF(L{MLsNX)-1)1085104,104
108 NY=NB-1W-66 _
109 IF(L(MLsNY)-1)106,104,104
106 CONTINUE
GO TO 24
C CHECKED ALL SIDELINKS TO THE LEFT
104 DO 110 IC=1,67
111 IF(NB+IC-199)1125112,5
112 IP=NB+IC ‘
194 IF(L(MLsIP)-1)1165110s116
110 CONTINUE
C ALL CROSSLINKS TO THE RIGHT CHECKED
116 DO 117 IW=141IC
NX=NB+IW-133
118 IF(LIMLINX)=1)119,5,119
119 NY=NB+IW-67
120 IF(LIMLNY)~1)117+5,117
117 CONTINUE
C CHECKED ALL SIDELINKS TO THE RIGHT
GO TO 24
5  NBRAK=NBRAK+1
GO TO 24
11 NDUP=NDUP+1
24 CONTINUE
BRK=NBRAK
ANMW=100. /(100 .+BRK)
XI=1x

DupN=NDUP

TIME=LOGF {19400./(19400.-200.%XI+DUPN})

ASMWN=1004 /(10044200 %X I~-DUPN}

WRITE OUTPUT TAPE 3,30,NBRAK sNDUP sNLNK s ANMW s ASMW o T IME
30 FORMAT{1X+3110+3F20.5)
25 CONTINUE

CALL EXIT

END

46




ML TDR 64-151

APPENDIX X1
COMPUTER PROGRAM
COMPLEX CASE. TYPE II
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ML TDR 64-151

C21 CASE Il COMPLEX EVERY TWELVTH BOND IS SINGLE CHAIN BOND
C PROBABILITY FOR ALL BONUDS BREAKING IS EQUAL -~ CALCULATE NAMW CHANGE
* XEQ

DIMENSION L{100,200%

FREQUENCY 7113021280951 90)992(13150)1593(051+9}1+95(021+9)
1994(05139)19961005199)1531(191s919811051+9)984(049511+73{04+159}
2954(05139)969(9519131942(03199)19446(0+95119461{051391+48{0+1:9}
B334{13031)932(v9130)3100{1+1s0}1998(01+9)5101{0s1+9}1+99{0,1+9]
45102(09129)9971191991s35{9s1901+36(0+9+11360({0+191+62{0:1+9}
5368{(9s131)920(051391s21{0+95171s911{0s1:91927(0+1+91+13({9+120}
09190(19199)3191{9+1s03:107(951501+109(9+1,01!
T2111{(99151312194{931+0)13118{9+1+0}+120(F+1,501}

NBRAK=0 :

NDUP=0

NLNK=0

DO 810 MA=1,100

DU 820 IB=12+78+12

820 L{MAsIB)=1
810 CONTINUF

DO 25 IX=1s30

DO 24 I=1+200

R=RAND1{Y }¥19600,

" NR=R .

ML=NR/196+1

NB=196%ML-NR

7 IF(NB-78183s8+4
B IF({L{MLsNB}=-1128+11,28
28 LIMLsNB}I=1
NA=NB/2
92 IF{Z2%NA-NB}93,94,93
93 IF{1-L{MLsNB+781195+54+95
95 1r{1-L{MLsNB+79)1BU»54+80
94 IF{1-L{MLsNB+781196s5+96
96 IF{1-L{MLsNB+7711804+5,80
C BOTH OPPOSITE BONDS CHECKED
B0 DO 51 IC=14+41
NW=NB-NB/2+157-1C
31 IF{NW-15715+81:81
B1 IF({I1-LIMLsNW1184+51+84
51 CONTINUE
C ALL CROSSLINKS TO THE LEFT CHECKED
84 IF{IC-1}8B5s75:85
85 [O0=(IC~-1}1%2

DO 52 KA=1sI0

NX={({NB+1}/21%2+77-KA
73 IF{1-L{MLsNX}153+s5253
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ML TDR 64-151

C ALL
53
54
C ALL
52
75

69
42
17
C ALL
44
45

46
C ALL
47
48

C ALL
19

32
33

100
98
101
99
102

34

97
35
90
C ALL
36
37

60
ALL
61
62

(@]

4

OPPOSITE SIDE LINKS CHECKFD
NY=NX-78
IF(1-L(MLsNY))5255552
ADJACENT SIDE LINKS CHECKED
CONTINUE

DO 17 IC=1,41
NW=NB-NB/2+156+1C

IF (NW=196142+4245
IF(1-L(MLsNW) ) 44517 y44
CONTINUE

CROSSLINKS TO THE RIGH!
IF(1C=1145524445
10=(1C-1)%2

DO 19 KA=1,10
NX=((NB+1)/2)%2+78+10
IF(1-L(MLINX)) 4755547
OPPOSITE SIDE LINKS CHECKED
NY=NX-78
IF(1=L{MLsNY))1955519
ADJACENT SIDE LINKS CHECKED
CONTINUE

GO TO 24

IF(NB-156)32532,513
IF(L(MLyNB)=1)33511,33

CHECKED

L{MLsNB)=1
NC=NB/2
IF(2%¥NC-NB)98+99598

IF(1-L{MLsNB-78))101+55101
IF(1-L{MLsNB~771))34+5,34
IF(1-L(MLsNB~-78))102+5+102
IF(1-LIMLsNB=7911)344+5,34

C OPPOSITE BONDS CHECKED

DO 90 IC=1ly41
NW=NB~-NB/2+118-1C
IF(NW-157)5535+35
IF(L{MLsNW)=1)36290536
CONTINUE

CROSSLINKS TO THE LEFT CHECKED
IF(IC-1)37+38,37
I0={IC~-1})*2

DO 39 KA=1,1I0
NX=((NB+1)/2)%2-79~KA
IF(1I-L{MLINX))6195561
OPPOSITE SIDE LINKS CHECKED
NY=NX+78
IF{I~-L{MLsNY))39+5+39
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ML TDR 64-151

C ALL
39
38

68
20
63
C ALL
21
22

91
C ALL
26
27
C ALL
23

13
29

190
202
191
200
C ALL
105

107
108
109
106

ADJACENT SIDE LINKS CHECKED
CONTINUE

DO 63 IC=1s41
NW=NB-NB/2+117+IC
IFINW~196120s20,5
IF{1-L{MLsNW1121+63+21
CONTINUE

CROSSLINKS tu 1HE RIGHT CHECKED
IF{IC~1122+24522
10={1C-1}#%2

DO 23 KA=1.+1I0
NX={(NB+11/21%2-78B+KA
IF{1~L{MLsNX1126+5526
OPPOSITE SIDE LINKS CHECKED
NY=NX+78
IF{I-L{MLsNY1123+523
ADJACENT SIDE LINKS CHECKED
CONTINUE

GO T0 24 ,
IF{L{MLsNB}-1129+11529
L{MLsNB}=1

NLNK=NLNK+1

DO 200 1C=1s41
IF(NB-IC-1571104+202,202
IP=NB-IC
IF(L{MLsIP}~-1}105+2005105
CONTINUE

CROSSLINKS TO THE LEFT CHECKED
IBA=2%1C

DO 106 IW=1,1IBA
NX=2%{NB-156}-1~1W
IF(L{MLsNX}-1)108s104+104
NY=NX+78 ;
IF(L{MLINY}~-11106+104,104
CONTINUE

GO TO 24

C CHECKED ALL SIDELINKS TO THE LEFT

104
111
112
194
ilo
C ALL
116

DO 110 1C=1s41
IF(NB+IC~19611125112:5

IP=NB+IC
IF(L{MLsIP}~-1}1116+110s1i0
CONTINUE

CROSSLINKS TO THE RIGHT CHECKED

CIBA=2%1C

DO 117 IW=1ls1BA
NX=2%{NB-157)+78+1IW
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ML TDR 64-151

118 IF(L(MLsNX)-1)119+55119
119 - NY=NX-78
120 IF{L(MLsNY)=1)1179s59117
. 117 CONTINUE
C CHECKED ALL SIDELINKS TO THE RIGHT
GO TO 24
5 NBRAK=NBRAK+1
GO TO 24
11 NDUP=NDUP+1
24 CONTINUE
BRK=NBRAK
ANMW=100./(100.+BRK}
XI=1X
DUPN=NDUP
TIME=LOGF (190004/(19000¢~2004,%XI+DUPN))
ASMW=100¢/{100e+2004%XI-DUPN) N , )
WRITETOUTPUT TAPE 3s3UsNBRAK sNDUP sNLNK s ANMW s ASMW » TIME
30 FORMAT(1X3s3110s3F2045)
25 CONTINUE

CALL EXIT

END
11 (X= - (67 A 0705QUO0
"%J) -9(NZ5GA 7 -2 -E =G - 3 5~ - 97 95 —— 94 78 =~ =5 -5 -7 —— 4F -4 -070SQUO1
*YT(P(ST 9 -G 5484 -1 -9 -5 -~ 2(x) - 9 - 0705QUO02
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ML TDR 64-151

APPENDIX XII
COMPUTER PROGRAM
COMPLEX CASE. TYPE II
SINGLE BOND EVERY TWENTY-FOURTH BOND
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ML TDR 64-151

C22 CASE 11 COMPLEX — EVERY TWENTY FOURTH BOND IS SINGLE CHAIN BOND
C PROBABILITY FOR ALL BONDS BRFAKING IS FQUAL - CALCULATE NAMW CHANGF
* XEG

DIMENSION L{100,200}

FREQUENCY T7{1+0+2198(991501+92{151+01493{031491495{0,1,9}
It?#{ﬁgls?ls?é{ﬁ;l;?}931f191;9398i{ﬂs1g9398ﬁ(09991¥!73f091¥9}
2+54{031391369{931511942(051+9)544{0+9,11:46(0314+9)348(045149)
394010311 932{9s1+0}100(151301s98{051,91s101{0:s1+91399(1,149)
43102(091+93s97(151+91535(95140)936(0,9311560{05199)362(0,41,9}
5958§9;1!13929fﬁ§1;9}921f5;9§1};91(9’199}s2?f§!1$9}913{992§9}
63190(1+1591+191(99150}1s107(9+1s015109{Fs1+D)
Ts111i9s1s112194(951+0)15118{9s1201+120{951,0}

NBRAK=0

NDUP=0Q

NLNK=0

DO 810 MA=1,100

DO 820 IB=24578:24

820 L{MA+IBI=]
810 CONTINUE

DO 25 IX=1+30

DO 24 I=1+200

R=RANDI{Y)*19600.

NR=R
ML=NR/196+]

NB=196#ML~NR

7 IF{NB-78)818:4
8 IF(L{MLsNBI-1128+11+28
28 L{MLsNBI=1
NA=NB/2
92 IF{2%NA~NB)93+94,93
93 IF{1-LI{MLsNB+781195:5,95
95 IF{I-L{MLsNB+79)180,5:80
S4 IF{I‘L(“L’&S+?S’}96§5!?6
96 IF{1-L{MLNB+771180+54+80
C BOTH OPPOSITE BONDS CHECKED
80 DO 51 IC=1s41
NW=NB-NB/2+157~1C
31 IF{NW-15715+81,81
81 IF{1~LI{ML NW)}B4s51,84
51 CONTINUE
C ALL CROSSLINKS TO THE LEFT CHECKED
84 IF{IC-118%475485
85 I0={IC-11%2

DO 52 KA=1,10

NX={{NB+1)/2)1%2+77-KA
73 IF{1-LI{MLsNX)153+5+53
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ML TDR 64-151

44
45

46
C ALL
47
48
C ALL
19

4
32
33

100
98
101
99
102

97
35
90
C ALL
36
37

60
C ALL
61
62

C OPPO
34

OPPOSITE SIDE LINKS CHECKED
NY=NX~78
IF(I—L(ML,NY)’52’5’52V
ADJACENT SIDE LINKS CHECKED
CONTINUE

DO 17 IC=1441 |
NW=NB~NB/2+156+1C

IF(NW=196)42442,5

IF‘I“L(ML’NW))44’179#4
CONTINUE
CROSSLINKS TO THE RIGHT CHECKED

IF(IC-1145524445

LU= (1C~1)*2
DO 19 KA=1,10
NX={{NB+1)/2)%2+78+]10

IF(1=L (ML sNX)Y)4T95447
OPPOSITE SIDE LINKS CHECKED
NY=NX-78 _

IF(1-L{MLNY) 11955419
ADJACENT SIDE LINKS CHECKED
CONTINUE
GO TO 24

IF(NB-156)32,32,13

FFILIMLINBY-1)33,31,33
LIMLsNBY=1
NC=NB/2 ‘

IF (2#NC~NB)98,99,98
“Tﬁii;L(MLQNB~78))10195’101
IF(1~L(MLINB~77))34,5,34
IF(1~L(MLsNB~78))102,5,102
IF(1~L(MLsNB~79))34,5,34
SITE BONDS CHECKED
00 90 IC=1441
NWBNB—NB/2+118~IC
IF(NW-157)5,35,35
IF(L(ML;NW’~IA36’90;36
CONTINUE : :
CROSSLINKS TO THE LEFT CHECKED
IF(IC-1)37938!37
[10=(1C~-1)#2
DO 39 KA=i,10 _
NX=((NB+1)/2)*2~T9—KA
IF(l*L(ML’NX!)bl’SiGl
OPPOSITE SIDE LINKS CHECKED
NY=NX+78 :
IF(1-L(MLSNY})3955,39
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ML TDR 64-151

C ALL
38

68
20
63
C ALL

22

190
202
191
200
C ALL
105

107
108
109
106

ADJACENT SIDE LINKS CHECKED
CONTINUE

DO 63 IC=1941
NW=NB~NB/2+117+1C
IFINW~196120s2045
IF{1-L{MLsNW)121+63,21
CONTINUE

CROSSLINKS TO THE RIGHT CHECKED
IF{IC~1)22+24422
10={1C~11%2

DO 23 KA=1,10
NX={{NB+1)/2}%2-78+KA
IF{1-L{MLsNX}}26+5926
OPPOSITE SIDE LINKS CHECKED
NY=NX+78
IF(1-L{MLsNY1123:5923
ADJACENT SIDE LINKS CHECKED
CONTINUE

GO TO 24
IF{LIMLsNBY}-1129511,29
Li{MLsNBI=1

NLNK=NLNK+1

DO 200 IC=1:s4]1
IF(NB~IC-1571104,202,202
IP=NB-IC
IF(L(MLsIPI~11105,2004+105
CONTINUE ]
CROSSLINKS TO THE LEFT CHECKED
IBA=2%IC

DO 106 IW=1+1IBA
NX=2%{NB~156)-1~IW
IFILIMLsNX}-11108,104+104
NY=NX+78

IF{LIMLsNY) 1110621045104
CONTINUE

GO TO 24

¢ CHECKED ALL SIDELINKS TO THE LEFT

104
111
112
194
110
C ALL
116

DO 110 IC=1s41
IF{RB+IC~1961112+11245

"IP=NB4+IC

IF(L(MLsIP)-1)1165110,5116

CONT INUE ) ,
CROSSLINKS TO THE RIGHT CHECKED
IBA=2%1C

DO 117 IW=1,IBA
NX=2%#(NB~157)+78+1W
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ML TDR 64-151

118
119
120
117

C CHEC

)

11
24

30
25

)1 (X~
*y -9
*YT(P(

IF{L(MLINX)~11119555119

NY=NX-T78

IF(L{MLONY)=1)1117+55117

CONTINUE

KED ALL SIDELINKS TO THE RIGHT

GO TO 24

NBRAK=NBRAK+1

GO TO 24

NDUP=NDUP+1

CONTINUE

BRK=NBRAK

ANMW=100, /(1004 +BRK )

X1=1X

DUPN=NDUP

TIME=LOGF (193004/(19300,~200.*XI+DUPN) )
ASMW=100,/(100,+200,*XI~DUPN)

WRITE OUTPUT TAPE 3530sNBRAKsNDUP sNLNK s ANMW s ASMW s T IME
FORMAT (1X+311043F20.5)

CONTINUE
CALL EXIT
END

- (GT 070s0U00
NZ5GA 7 -2 ~E =6 ~ 3 5—= = 97 95 -~ 94 78 ~—= -5 ~5 -7 -~ 4F -4 -070SQUM1
$T 9 -6 5484 -1 -9 -5 -~ 2(xy - ¢ - n70sQU02
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